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(57) ABSTRACT

A brake pedal apparatus including: an operating pedal; and
first and second working levers which are pivotable according
to respective different lever-ratio characteristics in response
to a depressing operation effected on the operating pedal and
which are connectable to a prvot member via a clutch mem-
ber. When a reaction force of an output member does not
exceed a switching load, a load reaction lever 1s held 1n a
reference position whereby the first working lever 1s con-
nected to the pivot member. When the reaction force exceeds
the switching load, the load reaction lever 1s pivoted to a
switching position against a biasing force of a biaser whereby
the second working lever 1s connected to the pivot member.

7 Claims, 9 Drawing Sheets
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LEVER-RATIO SWITCHING TYPE BRAKE
PEDAL APPARATUS

This application 1s based on Japanese Patent Application
No. 2006-081791, the content of which 1s incorporated here-
into by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates 1n general to a brake pedal
apparatus, and more particularly to an improvement of a
lever-ratio switching type brake pedal apparatus in which a
characteristic of a lever ratio 1s changed depending upon a
depressing force.

2. Discussion of Prior Art

There 1s known a brake pedal apparatus having: (a) an
operating pedal which 1s disposed on a support member piv-
otably about a first axis, and which 1s to be operatively
depressed by an operator; (b) a pivot member which 1s dis-
posed on the support member pivotably about a second axis
parallel to the first axis, and which 1s mechanically connected
to the operating pedal so as to be pivoted about the second axis
in response to a depressing operation eflfected on the operat-
ing pedal; and (¢) an output member which 1s to be mechani-
cally pressed or pulled as a result of pivot motion of the pivot
member. As an example of such a brake pedal apparatus,
Patent Document 1 discloses an apparatus in which the oper-
ating pedal and the pivot member are connected to each other
through a cam, which provides a high degree of freedom in
setting a lever-ratio characteristic. The lever-ratio character-
istic 1s a characteristic of change 1n a moment-length ratio
(lever ratio) 1n relation with a pedal stroke (depressing
amount) of the operating pedal, namely, 1s a characteristic of
change 1 a lever ratio (corresponding to a ratio of output
amplification to a depressing force applied to the operating
pedal) 1in relation with the pedal stroke.

Further, there 1s proposed a brake pedal apparatus having:
(a) an operating pedal which 1s to be operatively depressed by
an operator; (b) a switching lever which 1s disposed on a
support member pivotably about a first axis, and which sup-
ports the operating pedal such that the operating pedal 1s
pivotable relative to the switching lever about a second axis
parallel to the first axis; (¢) a positioning device which
mechanically positions the switching lever 1n a predeter-
mined reference position about the first axis, and which
allows the switching lever to be pivoted away from the refer-
ence position about the first axis when a reaction force acting
on the second axis during the depressing operation efiected
on the operating pedal exceeds a predetermined switching
load; and (d) an engaging member which causes the operating
pedal (pivoted about the second axis) to be brought into
engagement with the switching lever 1n a predetermined rela-
tive position when the switching lever 1s pivoted, and which
causes the operating pedal to be pivoted integrally with the
switching lever about the first axis. As an example of such a
brake pedal apparatus, Patent Document 2 discloses an appa-
ratus 1 which, when the operating pedal i1s strongly
depressed, for example, 1n the event of failure of a boosting
device such as a brake booster, a center o prvot motion of the
operating pedal 1s shifted from the second axis to the first axis,
whereby the lever-ratio characteristic 1s switched to another
lever-ratio characteristic. It 1s therefore possible to increase
the ratio of the output to the depressing force and accordingly
to generate a further increased braking force, as a result of the
shift of the center of the p1vot motion from the second axis to
the first axis, where a relationship such as a positional rela-
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tionship between the first and second axes 1s established such
that the lever ratio 1s increased by the shift of the pivot motion
center from the second axis to the first axis. In this arrange-
ment 1n which the lever-ratio characteristic per se 1s switched
to another lever-ratio characteristic, the lever ratio can be
changed more largely than in the arrangement disclosed in the
above-described Patent Document 1.

Patent Document 1: JP-H3-185912A

Patent Document 2: JP-2002-347590A

However, 1in such a conventional lever-ratio switching type
brake pedal apparatus having a construction arranged to
change the center of pivot motion of the operating pedal that
1s operatively depressed by an operator, possible errors in
dimensions and position of each component of the apparatus
are likely to cause variation of a home position of the oper-
ating pedal (1.e., an 1nitial position of the operating pedal
when 1t 1s not operated) and/or provide the operating pedal
with play. Thus, for avoiding such a problem, a high degree of
dimensional accuracy of the components and a high degree of
assembling accuracy of the components are required. Further,
in the conventional lever-ratio switching type brake pedal
apparatus, the degree of freedom 1n setting the lever-ratio
characteristic 1s low since the lever ratio 1s changed by merely
changing the center of the pivot motion of the operating pedal.

The present invention was made in the light of the back-
ground art discussed above. It 1s therefore an object of the
invention to make 1t possible, in a brake pedal apparatus 1n
which a lever-ratio characteristic 1s switched to another
depending on a depressing force applied to the operating
pedal, to restrain variation of a home position of the operating
pedal and play of the operating pedal even 1n presence of
errors 1n dimensions and position of each component of the
apparatus, and to increase the degree of freedom 1n setting
cach of the lever-ratio characteristics that are selectively
available, for providing a lever ratio that 1s further suitably
variable according to the depressing force.

SUMMARY OF THE INVENTION

For achieving the above object, the first invention provides
a lever-ratio switching type brake pedal apparatus having: (a)
an operating pedal which 1s disposed on a support member
pivotably about a first axis, and which 1s to be operatively
depressed by an operator; (b) a pivot member which 1s dis-
posed on the support member pivotably about a second axis
parallel to the first axis, and which 1s mechanically connected
to the operating pedal so as to be pivoted about the second axis
in response to a depressing operation eflected on the operat-
ing pedal; and (¢) an output member which 1s to be mechani-
cally pressed or pulled as a result of pivot motion of the pivot
member, the brake pedal apparatus being characterized by
having: (d) first and second working levers which are dis-
posed on the support member pivotably about the second axis
relative to the pivot member; (e) first and second connecting
device which mechanically connect the respective first and
second working levers to the operating pedal, and which
cause the respective first and second working levers to be
pivoted about the second axis according to respective ditler-
ent lever-ratio characteristics 1n response to the depressing
operation elfected on the operating pedal; (1) a clutch member
which 1s movably disposed on the pivot member, and which 1s
positionable 1n any one of a first connecting position, a second
connecting position and an intermediate position between the
first and second connecting positions, the clutch member
integrally connecting the first working lever to the pivot mem-
ber and disconnecting the second working lever from the
prvot member while being positioned 1n the first connecting
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position, the clutch member integrally connecting the second
working lever to the prvot member and disconnecting the first
working lever from the pivot member while being positioned
in the second connecting position, the clutch member inte-
grally connecting both of the first and second working levers
to the pivot member while being positioned 1n the intermedi-
ate connecting position; (g) a load reaction lever which 1s
connected to the output member and 1s disposed on the pivot
member pivotably about a third axis that 1s parallel to the
second axis, the load reaction lever being held 1n a reference
position by a biasing force of a first biaser and being pivoted
integrally with the pivot member so as to mechanically press
and pull the output member, the load reaction lever being
pivoted relative to the pivot member about the third axis to a
switching position against the biasing force of the first biaser,
when a reaction force of the output member exceeds a prede-
termined switching load, and being pivoted integrally with
the pivot member so as to mechanically press and pull the
output member; and (h) a clutch switching mechanism which
positions the clutch member 1n the first connecting position
while the load reaction lever 1s held 1n the reference position,
and which cooperates with the load reaction lever to mechani-
cally move and position the clutch member in the second
connecting position when the load reaction lever 1s relatively
pivoted to the switching position.

The second 1nvention 1s, in the lever-ratio switching type
brake pedal apparatus of the first invention, characterized in
that: (a) the first and second working levers are disposed on
respective opposite sides of the pivot member 1n a direction of
the second axis, the first working lever having a multiplicity
of first meshing teeth arranged along a circular arc whose
center 1s at the second axis, the second working lever having
a multiplicity of second meshing teeth arranged along a cir-
cular arc whose center 1s at the second axis; (b) the clutch
member has a first engaging tooth that 1s to be engaged with
the first meshing teeth, and a second engaging tooth that 1s to
be engaged with the second meshing teeth, the clutch member
being pivotably disposed on the pivot member; and (c) the
clutch switching mechanism has a second biaser that 1s dis-
posed to bridge between the clutch member and the load
reaction lever or the pivot member, the clutch switching
mechanism causing the clutch member to be positioned in the
first connecting position by a biasing force of the second
biaser and causing the first engaging tooth to be engaged with
the first meshing teeth while the load reaction lever 1s held 1n
the reference position, the clutch switching mechanism caus-
ing the clutch member to be pivoted to the second connecting
position by engagement of the load reaction lever with the
clutch member against the biasing force of the second biaser
and causing the second engaging tooth to be engaged with the
second meshing teeth when the load reaction lever 1s rela-
tively pivoted to the switching position.

The third mnvention 1s, 1n the lever-ratio brake pedal appa-
ratus of the first or second invention, characterized in that: (a)
the first connecting device 1s a first connecting link which 1s
relatively pivotably connected to both of the first working,
lever and the operating pedal, and (b) the second connecting
device 1s a second connecting link which 1s relatively pivot-
ably connected to both of the second working lever and the
operating pedal.

The fourth invention 1s, 1n the lever-ratio brake pedal appa-
ratus of any one of the first through third inventions, charac-
terized 1n that: the first biaser 1s a spring member which 1s
disposed to bridge between the pivot member and the load
reaction lever, and which directly biases the load reaction
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lever such that the load reaction lever 1s pivoted about the
third axis toward the reference position relative to the pivot
member.

The term “directly biasing the load reaction lever such that
the load reaction lever 1s pivoted about the third axis toward
the reference position relative to the pivot member” may be
interpreted to mean that, when the load reaction lever is
relatively pivoted-toward the reference position, a biasing
force of the spring member exerted on an engaged portion of
the load reaction lever (with which the spring member 1s
engaged) contains a component acting 1n a direction ol move-
ment of the engaged portion, and the load reaction lever 1s
relatively pivoted toward the reference position by that bias-
ing force. Although the direction of the movement of the
engaged portion and the direction of the biasing force do not
have to accurately coincide with each other, it 1s preferable
that the directions substantially coincide with each other.

In the lever-ratio switching type brake pedal apparatus, 1n
response to the depressing operation effected on the operating
pedal, the first and second working levers can be pivoted
about the second axis according to respective different lever-
ratio characteristics, and can be connected integrally to the
prvot member through the clutch member. One of the lever-
ratio characteristics 1s selected depending on which one of the
first and second working levers 1s connected to the pivot
member. While the operating pedal 1s being moderately
depressed, namely, while the reaction force of the output
member 1s not larger than the switching load, the load reaction
lever 1s held 1n the reference position by the biasing force of
the first biaser, so that the clutch member 1s positioned in the
first connecting position through the clutch switching mecha-
nism whereby the first working lever 1s connected to the pivot
member. On the other hand, while the operating pedal 1s being
strongly depressed, namely, while the reaction force of the
output member exceeds the switching load, the load reaction
lever 1s pivoted to the switching position against the biasing
force of the first biaser, so that the clutch member 1s placed 1n
the second connecting position whereby the second working
lever 1s connected to the pivot member. That 1s, depending
upon whether the operating pedal 1s depressed strongly or
moderately, namely, whether the reaction force exceeds the
switching load or not, a path of transmission of the depressing
force 1s changed by the clutch switching mechanism,
whereby the selected lever-ratio characteristic 1s changed. For
example, where the lever ratio 1s set to be higher during the
connection of the pivot member with the second working
lever than during the connection of the prvot member with the
first working lever, the ratio of the output to the depressing
force 1s increased whereby a large braking force can be gen-
crated while the operating pedal 1s strongly depressed.

In the present invention, since the operating pedal 1s sup-
ported by the support member such that the operating pedal 1s
pivotable about a predetermined fixed axis, 1.¢., the first axis,
it 1s possible to restrain variation of a home position of the
operating pedal and play of the operating pedal which could
be caused by errors 1n dimensions and position of each com-
ponent of the apparatus, as compared with the arrangement
disclosed 1n the above-described Patent Document 2 in which
the center of pivot motion of the operating pedal 1s changed.
This feature alleviates the required degrees of dimensional
accuracy and assembling accuracy of the components,
thereby making it possible to easily and cheaply manufacture
the brake pedal apparatus having a predetermined pedal qual-
ity.

Further, since the first and second working levers are con-
nected to the operating pedal through the respective first and
second connecting devices, the degree of freedom 1n setting
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the lever-ratio characteristics of the respective first and sec-
ond working levers 1s high. Thus, as compared with the
arrangement 1n which the lever-ratio characteristic 1s changed
by merely changing the center of the pivot motion of the
operating pedal, 1t 1s possible to provide a lever ratio that 1s
turther switably variable according to the depressing force
applied to the operating pedal. Further, since the first and
second working levers are disposed to be pivotable about the
second axis that 1s common to the two working levers, the
apparatus can be made compact 1n size, so that there 1s an
advantage that the apparatus can be easily installed on a
vehicle.

In the second invention, the first working lever has the
multiplicity of first meshing teeth arranged along the circular
arc whose center 1s at the second axis, while the second
working lever has the multiplicity of second meshing teeth
arranged along the circular arc whose center 1s at the second
axis. When the clutch member which 1s pivotably disposed on
the pivotmember 1s positioned 1n the first connecting position
by the biasing force of the second biaser, the first engaging
tooth of the clutch member 1s engaged with the first meshing,
teeth. When the clutch member 1s p1voted, against the biasing,
force of the second biaser, to the second connecting position
by the engagement of the load reaction lever with the clutch
member as a result of the pivot motion of the load reaction
lever to the switching position, the second engaging tooth of
the clutch member 1s engaged with the second meshing teeth.
Thus, one of the lever-ratio characteristics 1s switched to
another of the lever-ratio characteristics.

The clutch member 1s pivotably disposed on the pivot
member, and 1s positioned 1n the first connecting position by
the biasing force of the second biaser. When the load reaction
lever 1s pivoted to the switching position, the clutch member
1s pivoted to the second connecting position against the bias-
ing force of the second biaser, whereby the selected lever-
ratio characteristic 1s switched to another lever-ratio charac-
teristic. Therefore, as compared with an arrangement in
which the clutch member 1s arranged to be movable linearly
along a straight line parallel to the second axis so as to be
positionable 1n the first and second connecting positions, the
apparatus can be simply constructed, and the motion of the
clutch member 1s stabilized, so that the lever-ratio character-
1stic 1s reliably switched to another, upon application of a
predetermined depressing force to the operating pedal.

In the third invention, the first connecting device 1s consti-
tuted by the first connecting link that 1s relatively pivotably
connected to both of the first working lever and the operating
pedal, while the second connecting device 1s constituted by
the second connecting link that 1s relatively pivotably con-
nected to both of the second working lever and the operating,
pedal. Therefore, by suitably designing connection positions
of the connecting links, each of the lever-ratio characteristics
of the respective first and second working levers, 1.e., each of
the lever-ratio characteristics for the moderate depression and
strong depression can be freely set within a wide range.

In the fourth invention, as the first biaser which positions
the load reaction lever in the reference position and which
allows the load reaction lever to be relatively pivoted to the
switching position when the reaction force exceeds the pre-
determined switching load, there 1s provided the spring mem-
ber which directly biases the load reaction lever such that the
load reaction lever 1s pivoted about the third axis toward the
reference position relative to the pivot member. In this
arrangement, the load reaction lever 1s moved to the switching
position appropriately based on the switching load that 1s
determined univocally depending on the biasing force of the
spring member, so that the selected lever-ratio characteristic
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can be changed reliably with high accuracy. In the above-
described Patent Document 2 1n which the positioning device
1s provided to position the switching lever 1n the reference
position by engagement of a ball with a V-shaped groove, the
switching lever 1s held in the reference position owing to
friction force acting between the ball and a wall of the
V-shaped groove. In this arrangement, the switching load
(allowing pivot movement of the switching lever by removal
of the ball from the V-shaped groove) 1s easily changed, for
example, by wear of the wall of the V-shaped groove, so that
the switching load 1s difficult to be set reliably with high
accuracy.

The first and second connecting devices are constructed
such that a lever-ratio characteristic 2 provides a higher lever
ratio than a lever-ratio characteristic 1, wherein the lever-ratio
characteristic 1 1s the lever-ratio characteristic for the mod-
crate depression, 1.¢., the lever-ratio characteristic provided
by the connection of the pivot member with the first working
lever, while the lever-ratio characteristic 2 1s the lever-ratio
characteristic for the strong depression, 1.e., the lever-ratio
characteristic provided by the connection of the pivot mem-
ber with the second working lever. However, the first and
second connecting devices may be constructed such that the
lever-ratio characteristic 2 provides a smaller lever ratio than
the lever-ratio characteristic 1, for preventing damage or
other undesirable things caused by an excessively large input.

The switching load, which causes the load reaction lever to
be pivoted from the reference position to the switching posi-
tion, 1s determined such that the load reaction lever 1s pivoted
to the switching position, for example, during a depressing
operation elfected on the operating pedal whereby the lever-
ratio characteristic 1 1s switched to the lever-ratio character-
istic 2 1n process ol an ordinary braking performed by the
depressing operation. Further, the switching load may be
determined to be relative high such that the load reaction lever
1s held 1n the reference position during the depressing opera-
tion for the ordinary brake whereby the connection of the
pivot member with the first working lever 1s kept so as to
maintain the lever-ratio characteristic 1 for the moderate
depression throughout the ordinary brake, and such that the
load reaction lever 1s pivoted to the switching position
whereby the lever-ratio characteristic 1 1s switched to the
lever-ratio characteristic 2 when the depressing operation 1s
cifected by the operator with a depressing force that 1s larger
than 1n the ordinary brake, for example, 1n case of urgent
brake (panic brake) or failure of a brake booster rendering a
boosting efiect unavailable.

Although the first and second connecting devices are pret-
erably provided by the first and second connecting links, for
example, as 1n the third invention, they may be provided by a
cam mechanism as disclosed 1n the above-described Patent
Document 1. Further, the connecting devices may be consti-
tuted by any one of various arrangements such as an arrange-
ment 1n which a plurality of levers or connecting links are
provided to mechanically connect the operating pedal to the
first and second working levers and an arrangement with
provision of connecting pins and elongated holes for directly
connecting the operating pedal to the first and second working
levers while permitting the operating pedal to be pivotable
relative to the first and second working levers.

The first biaser for holding the load reaction lever in the
reference position 1s preferably provided by a spring member
that 1s engaged directly with the pivot member and the load
reaction lever, for example, as in the fourth invention, wherein
a tensile coil spring, a compressive coil spring or a torsion coil
spring may be used as the spring member. However, each of
the other mventions may be carried out with any one of
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various arrangements such as an arrangement 1n which the
first biaser 1s provided by an air spring, a rubber or other
clastic body and an arrangement 1n which an engaged mem-
ber (ball or the like) biased by the biaser 1s engaged with a
groove to be positioned, as disclosed 1n the above-described
Patent Document 2. It 1s preferable that, when the operating
pedal and the output member are returned to their home
positions (original positions) by a return spring or the like as
a result of suspension of the depressing operation, the load
reaction lever 1s also returned automatically to the reference
position by the biasing force of the first biaser. It 1s also
possible to additionally employ areturning device arranged to
return the load reaction lever to the reference position by an
clectric motor.

The clutch member 1s pivotably disposed on the pivot
member, for example, as 1n the second invention such that the
clutch member 1s positioned 1n the first connecting position
by the biasing force of the second biaser and such that the
clutch member 1s prvoted to the second connecting position
against the biasing force of the second biaser when the load
reaction lever 1s pivoted to the switching position. However,
cach of the other inventions may be carried out, for example,
with an arrangement in which a cylindrical-shaped or semi-
cylindrical-shaped clutch member having an inner circumier-
ential surface provided with a multiplicity of engaging teeth
or a clutch member having axially opposite end surfaces each
provided with engaging teeth arranged along a circular arc
whose center 1s at the second axis 1s disposed linearly mov-
ably along a straight line parallel to the second axis between
the first and second connecting positions. In this arrangement,
the clutch member 1s caused by the clutch switching mecha-
nism such as a link mechanism, a cam mechanism and a
wedge mechanism, to be linearly moved from one of the first
and second connecting positions to the other in response to
pivot motion of the load reaction lever.

Although the first and second meshing teeth of the second
invention may be arranged in a complete circle around the
second axis, the meshing teeth may be arranged only 1n a part
of the circle around the second axis as long as the meshing
teeth are connectable with the clutch member. In the second
invention, the multiplicity of first and second meshing teeth
are arranged around the second axis, namely, are arranged 1n
a radial or cylindrical manner. However, where the cylindrical
or semi-cylindrical clutch member 1s arranged to be linearly
movable, the multiplicity of first and second meshing teeth
may be replaced with a single first meshing tooth and a single
second meshing tooth.

The clutch member of the second invention 1s, for example,
provided by a T-shaped member such that the T-shaped clutch
member 1s pivotably disposed at its vertical bar portion on the
pivot member and such that the first and second engaging
teeth provided in respective opposite distal ends of a horizon-
tal bar portion of the T-shaped clutch member are engageable
with the first and second meshing teeth. Further, the second
biaser of the second invention 1s preferably provided by a
spring member such as a tensile coil spring, a compression
coil spring or a torsion coil spring. The spring member as the
second biaser may be arranged to bridge the clutch member
and the load reaction member or bridge the clutch member
and the pivot member.

The output member 1s provided by, for example, by an
operating rod of a brake booster that 1s to be pressed 1n
response to a depressing operation effected on the operating,
pedal. However, the output member may be provided by a
brake cable that 1s to be pulled 1n response to the depressing,
operation. Further, the present invention 1s applicable also to
an electric brake system 1n which a braking force 1s-con-
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trolled by electrically detecting load applied to the output
member and displacement of the output member.

While the brake pedal apparatus of the present invention 1s
advantageously applied to a service brake system, it 1s appli-
cable also to a parking braking system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view showing a lever-ratio switching type
brake pedal apparatus according to an embodiment of the
present 1nvention.

FIG. 2 1s a perspective view of a main portion of the
lever-ratio switching type brake pedal apparatus of F1G. 1, as
viewed from a right upper side of the apparatus 1n a front side
of drawing sheet of FIG. 1.

FIG. 3 1s a perspective view of the main portion of the
lever-ratio switching type brake pedal apparatus of FIG. 1, as
viewed from the night upper side of the apparatus 1n a rear side
of drawing sheet of FIG. 1.

FIG. 4A 1s a view showing a state of the lever-ratio switch-
ing type brake pedal apparatus of FIG. 1 with 1ts operating
pedal being operatively depressed, before a lever-ratio char-
acteristic 1s switched to another lever-ratio characteristic.

FIG. 4B 1s a view showing a state of the lever-ratio switch-
ing type brake pedal apparatus of FIG. 1 with 1ts operating
pedal being operatively depressed, after the lever-ratio char-
acteristic 1s switched to the other lever-ratio characteristic.

FIG. 5 1s a view showing a main portion of FIG. 4A 1n
enlargement with a part of which being cut away.

FIG. 6 1s a view showing a main portion of FIG. 4B 1n
enlargement with a part of which being cut away.

FIG. 7 1s a plan view showing a clutch member, a clutch
switching mechanism of the lever-ratio switching type brake
pedal apparatus of FIG. 1, together with their neighborhood,
wherein solid line imndicates the clutch member being held in
its {irst connecting position while two-dot chain line indicates
the clutch member being held 1n 1ts second connecting posi-
tion.

FIG. 8 1s a plan view showing a state as indicated by the
solid line of FIG. 7 1n which the clutch member i1s held in the
first connecting position.

FIG. 9 1s a plan view showing a state as indicated by the
two-dot chain line of FIG. 7 1n which the clutch member 1s
held 1n the second connecting position.

FIGS. 10A-10D are views showing some examples of
lever-ratio characteristics provided by the lever-ratio switch-
ing type brake pedal apparatus of the present invention.

FIG. 11 1s a side view for explaining another embodiment
ol the present invention.

DETAILED DESCRIPTION OF THE INVENTION

There will be described 1n detaill embodiments of the
present invention, with reference to the drawings.

FIG. 1 1s a view for explaining an embodiment of the
present invention in the form of a lever-ratio switching type
brake pedal apparatus 10 (heremnafter simply referred to as
“brake pedal apparatus 10”) that 1s to be used for a service
braking system of a vehicle. The view of FI1G. 1 15 a side view
as viewed from a left side of the apparatus 10. This brake
pedal apparatus 10 1s adapted to be integrally disposed on a
dash panel 12 that separates a passenger compartment and an
engine room of the vehicle from each other. A brake booster
14 and a pedal bracket 16 are located on respective opposite
sides of the dash panel 12, and are fixed integrally to each
other. The pedal bracket 16 corresponds to a support member
that 1s fixed integrally to a body of the vehicle. A pedal arm 26
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1s disposed on the pedal bracket 16 so as to be pivotable about
an axis O, of a first shaft 20 (see FIGS. 2 and 3) that substan-
tially horizontally extends in a width direction of the vehicle.
Further, a pivot member 28 1s disposed on the pedal bracket
16 so as to be pivotable about an axis O, of a second shaft 22
(see FIGS. 2 and 3) that 1s parallel to the first shatt 20. A pedal
pad 34 1s provided 1n a lower end portion of the pedal arm 26,
so as to be depressed by an operator of the vehicle 1n a forward
direction, 1.e., 1n a leftward direction as seen in FIG. 1. It 1s
noted that each of the first and second shaifts 20, 22 per se do
not necessarily have to be pivoted about a corresponding one
of the axes O,, O,, but may be fixed integrally to the pedal
bracket 16.

FIG. 2 1s a perspective view of an upper end portion of the
pedal arm 26 and the pivot member 28, as viewed from a right
upper side of the apparatus 10 1n a front side of drawing sheet
of FIG. 1. FIG. 3 1s a perspective view as viewed from the
right upper side of the apparatus 10 1n a rear side of drawing,
sheet of FIG. 1. As 1s apparent from the perspective views,
first and second working levers 30, 32 are mounted on the
second shaft 22 so as to be pivotable about the axis O, of the
second shait 22 relative to the pivot member 28. The first and
second working levers 30, 32 are disposed on respective
opposite sides of the pivot member 28 1n a direction of the
second axis O,. The pedal arm 26 1s mounted on the first shaft
20 via asleeve 36, and 1s pivotable relative to the first shait 20.
A sub arm 38 i1s integrally fixed to the sleeve 36, so as to be
pivotable integrally with the pedal arm 26 about the first axis
O, . In the present embodiment, an operating pedal 1s consti-
tuted by the pedal arm 26 as 1ts main body, the sleeve 36 and
the sub arm 38.

A pair of first connecting links 40 1s provided to bridge the
sub arm 38 and the first working lever 30, and 1s connected to
the sub arm 38 and the first working lever 30 so as to be
pivotable about axes parallel to the first and second axes O1,
O2 relative to the sub arm 38 and the first working lever 30, so
that the first connecting links 40 cause the first working lever
30 to be mechanically pivoted about the second axis O,
according to a predetermined lever-ratio characteristic 1n
response to a depressing operation effected on the pedal arm
26. A lever-ratio characteristic 1 shown in FIGS. 10A-10D 1s
that established where the pivot member 28 1s pivoted inte-
grally with the first working lever 30 and presses the operating
rod 18 of the brake booster 14. The lever-ratio characteristic
1 1s suitably set, as shown i FIGS. 10A-10D, based on
projection directions and lengths of the sub arm 38 and first
working lever 30 and connected positions of the first connect-
ing links 40. The first connecting links 40 correspond to a first
connecting device. In the present embodiment, the first con-
necting links 40 are disposed on respective opposite sides of
cach of the first working lever 30 and sub arm 38.

A pair of second connecting links 42 1s provided to bridge
the pedal arm 26 and the second working lever 32, and 1s
connected to the pedal arm 26 and the second working lever
32 so as to be pivotable about axes parallel to the first and
second axes O1, O2 relative to the pedal arm 26 and the
second working lever 32, so that the second connecting links
42 cause the second working lever 32 to be mechanically
pivoted about the second axis O, according to a predeter-
mined lever-ratio characteristic in response to the depressing
operation elfected on the pedal arm 26. A lever-ratio charac-
teristic 2 shown in FIGS. 10A-10D 1s that established where
the prvot member 28 1s pivoted integrally with the second
working lever 32 and presses the operating rod 18 of the brake
booster 14. The lever-ratio characteristic 2 1s suitably set, as
shown in FIGS. 10A-10D, based on a projection direction and
a length of the second working lever 32 and connected posi-
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tions of the second connecting links 42, so as to be different
from the above-described lever-ratio characteristic 1. The
second connecting links 42 correspond to a second connect-
ing device. Inthe present embodiment, the second connecting
links 42 are disposed on respective opposite sides of each of
the second working lever 32 and pedal arm 26.

It 1s noted that each of the lever-ratio characteristics 1 and
2 shown 1n FIGS. 10A-10D 1s a characteristic of change 1n a
lever ratio (corresponding to a ratio of output to a depressing
force applied to the pedal arm 26) in relation with a pedal
stroke (depressing amount) of the pedal arm 26, and that each
of the lever-ratio characteristics 1 and 2 1s merely an example
of such a lever-ratio characteristic and does not necessarily
correspond to that of the brake pedal apparatus 10 shown 1n
FIGS. 1-3.

In mutually opposed side surfaces of the respective first
and second working levers 30, 32, namely, 1n inside surfaces
of the respective working levers 30, 32 located on respective
opposite sides of the prvot member 28, a multiplicity of first
meshing teeth 44 and a multiplicity of second meshing teeth
46 are provided to be arranged 1n a radial manner along a
circular arc whose center 1s at the second axis O,. The firstand
second meshing teeth 44, 46 are integrally connectable to the
pivot member 28 via a clutch member 48 that 1s disposed on
the pivot member 28. The first and second working levers 30,
32 are pivoted relative to each other, as shown 1n FIGS. 4A
and 4B, due to difference between their respective lever-ratio
characteristics, as aresult of the depressing operation effected
on the pedal arm 26. The first meshing teeth 44 and the second
meshing teeth 46 are arranged 1n substantially the same posi-
tion over a predetermined angular range of the circular arc
about the second axis O,, such that the first and second
meshing teeth 44, 46 are connectable to the pivot member 28
via the clutch member 48 throughout the pedal stroke of the
pedal arm 26 1n spite that the first and second working levers
30, 32 are pivoted relative to each other. FIGS. 5§ and 6 are
views showing a main portion of FIG. 4A and a main portion
of view F1G. 4B, respectively, namely, showing the upper end
portion of the pedal arm 26, the sub arm 38, the first and
second working levers 30, 32 and the pivot member 28 1n
enlargement, with a part of the second working lever 32 being
cut away. In the present embodiment, the first and second
working levers 30, 32 are arranged in substantially parallel
with each other and extend substantially 1n the same direc-
tion.

FIG. 7 1s a plan view principally showing the clutch mem-
ber 48 and the first and second meshing teeth 44, 46. The
clutch member 48 has a substantially letter T-shape, and 1s
disposed at its vertical bar portion on the pivot member 28,
pivotably about a support pin 50. The clutch member 48 has
a first engaging tooth 52 and a second engaging tooth 34 that
are provided in respective opposite distal ends of a horizontal
bar portion of the clutch member 48. The support pin 50 1s
provided in the clutch member 48, with 1ts attitude causing its
axis to be substantially perpendicular to the axis O, of the
second shaft 22. The clutch member 48 1s disposed with 1ts
attitude causing the clutch member 48 to take the substan-
tially letter T-shape as seen 1n a plane perpendicular to the axis
of the support pin 50. The clutch member 48 1s arranged to be
mechanically pivotable by a clutch switching mechanism 56,
between a first connecting position as indicated by solid line
in FIG. 7 and 1n FIG. 8 and a second connecting position as
indicated by two-dot chain line 1n FIG. 7 and 1n FI1G. 9. When
the clutch member 48 1s positioned in the first connecting
position, the first engaging tooth 52 1s engaged with the first
meshing teeth 44, and the second engaging tooth 54 1s disen-
gaged from the second meshing teeth 46, whereby the first
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working lever 30 and the pivot member 28 are integrally
connected to each other so as to be integrally pivoted about
the second axis O,. In this state, the lever ratio 1s changed
according to the lever-ratio characteristic 1. When the clutch
member 48 1s pivoted to and positioned 1n the second con-
necting position by the clutch switching mechanism 36, the
second engaging tooth 34 1s engaged with the second meshing
teeth 46, and the first engaging tooth 52 1s disengaged from
the first meshing teeth 44, whereby the second working lever
32 and the pivot member 28 are integrally connected to each
other so as to be integrally pivoted about the second axis O,.
In this state, the lever ratio varies according to the lever-ratio
characteristic 2.

When the clutch member 48 1s 1n an intermediate position
between the first and second connecting positions, both of the
first and second engaging teeth 52, 534 are held 1n engagement
with the first and second meshing teeth 44, 46. Thus, the pivot
member 28 1s always connected to at least one of the first and
second working levers 30, 32, so that the depressing force
applied to the pedal arm 26 1s continuously transmitted to the
pivot member 28 even 1n a stage of transition from one of the
first and second connecting positions to the other of the first
and second connecting positions, 1.€., 1 a stage of switching
from the layer-ratio characteristic to another laver-ratio char-
acteristic by the pivot motion of the clutch member 48. FIGS.
10A-10D show amounts stx, stl, st2 of the pedal stroke at
which the clutch member 48 1s pivoted from the first connect-
ing position to second connecting position whereby the lever-
rat1o characteristic 1 1s switched to the lever-ratio character-
1stic 2.

The clutch switching mechanism 56 1s constituted princi-
pally by a tensile coil spring 64 provided to bridge the clutch
member 48 and a load reaction lever 60 that 1s disposed on the
pivot member 28, with a tension given to the coil spring 64. As
1s apparent from FIG. 3, the load reaction lever 60 1s disposed
on the pivotmember 28, pivotably about an axis (third axis) of
a third shaft 66 that 1s parallel to the axis O, of the second shaft
22. The operating rod 18 of the brake booster 14 1s connected
to the pivot member 28, pivotably relative to the load reaction
lever 60 about an axis of a connecting pin (clevis pin) 68 that
1s adjacent to and parallel to the third shaft 66. The third shafit
66 may be fixed integrally to either one of the load reaction
lever 60 and pivot member 28. However, the third shait 66
may be arranged to connect the load reaction lever 60 and
pivot member 28, while being pivotable relative to both of the
load reaction lever 60 and pivot member 28.

As1s apparent from FIG. 2, the load reaction lever 60 has a
spring recerver portion 70 provided by its portion that 1s bent
by substantially a right angle. A load adjuster spring 74 1s
disposed between the spring receiver portion 70 of the load
reaction lever 60 and a spring recetver portion 72 that 1s
integrally fixed to the pivot member 28. This load adjuster
spring 74 1s a spring member corresponding to a first biaser. In
the present embodiment, the load adjuster spring 74 1s pro-
vided by a compression spring, and 1s disposed with 1ts atti-
tude substantially parallel to a line tangential to a circular arc
whose center 1s at the third shaft 66 so that a biasing force of
the load adjuster spring 74 acts 1n a direction substantially
parallel to the tangential line. Thus, the load reaction lever 60
1s biased to be pivoted relative to the pivot member 28 about
the third shait 66 counterclockwise as seen i FIG. 1. The
connecting pin 68 passes though an elongated hole 76 that 1s
tormed through the pivot member 28. That 1s, the pivot mem-
ber 28 and the load reaction lever 60 are pivotable about the
third shaft 66 relative to each other within a range that 1s
defined by engagement of the elongated hole 76 and the
connecting pin 68. The elongated hole 76 1s elongated 1n a
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direction in which the circular arc (whose center corresponds
to the axis of the third shait 66) extends.

Therefore, the load reaction lever 60 1s held by the biasing
force of the load adjuster spring 74, 1n its reference position
that corresponds to an end of a counterclockwise pivot motion
of the lever 60 about the axis of the third shaft 66, as shown 1n
FI1G. 4A and FIG. 5. In this instance, the clutch member 48 1s
held by the biasing force of the tensile coil spring 64, 1n the fist
connecting position, as shown in solid line of FIG. 7 and 1n
FIG. 8, whereby the first working lever 30 and the pivot
member 28 are integrally connected to each other through the
clutch member 48. The clutch member 48 has an engaged
portion 78 that 1s provided 1n an end portion of the vertical bar
portion of the letter T shape. The tensile coil spring 64 1s
engaged with the engaged portion 78 so that the clutch mem-
ber 48 1s biased 1n clockwise direction about the support pin
50. Meanwhile, a positioming protrusion 80 provided 1n the
load reaction lever 60 1s held in contact with the engaged
portion 78 of the clutch member 48. Owing to the tensile coil
spring 64 and the positioning protrusion 80, the attitude of the
clutch member 48 1s kept constant whereby the engagement
of the first engaging tooth 52 with the first meshing teeth 44 1s
maintained. The tensile coil spring 64 1s a spring member
corresponding to a second biaser.

In a state 1n which the clutch member 48 1s positioned in the
first connecting position with the load reaction lever 60 being
held 1n the reference position as described above, when the
pedal arm 26 1s operatively depressed, the depressing force
transmitted to the first working lever 30 via the sub arm 38 and
the first connecting links 40 1s further transmitted to the pivot
member 28 via the first meshing teeth 44 and the first engag-
ing tooth 52, and 1s still further transmitted to the operating
rod 18 of the brake booster 14 via the load reaction lever 60.
In this state, the lever ratio varies according to the lever-ratio
characteristic 1. As a result of transmission of the depressing
force to the operating rod 18, the operating rod 18 1s mechani-
cally pressed leftward as seen 1n FIG. 1, whereby a push rod
of a master cylinder (not shown) 1s pressed for generating a
brake hydraulic pressure. The brake booster 14 functions as a
boosting device that 1s arranged to boost a small depressing
force, for example, by a vacuum pressure, so as to generate a
large braking force. The operating rod 18 1s biased to project
outwardly from the brake booster 14. When the depressing
operation elfected on the pedal arm 26 1s suspended, the load
reaction lever 60 and the pivot member 28 are integrally
returned by the biasing force to be pivoted clockwise about
the second shait 22, and the pedal arm 26 1s returned to be
pivoted counterclockwise about the first shait 20 whereby the
pedal arm 26 1s held 1n 1ts home position as shown 1n FIG. 1.
The operating rod 18 corresponds to an output member.

However, when the depressing force applied to the pedal
arm 26 1s increased and accordingly a reaction force exerted
from the operating rod 18 and acting on the connecting pin 68
exceeds a predetermined switching load, the load reaction
lever 60 1s pivoted by the reaction force against the biasing
force of the load adjuster spring 74, relative to the pivot
member 28 clockwise about the third shait 66 as seen 1n FIG.
5. That 1s, while the p1vot member 28 1s p1voted counterclock-
wise about the axis O, of the second shait 22 as a result of
increase 1n the pedal stroke, the upper end portion of the load
reaction lever 60, 1.¢., the connecting pin 68 (serving as a
connected portion at which the load reaction lever 60 1s con-
nected to the operating rod 18) 1s relatively moved within the
clongated hole 76 by the reaction force of the operating rod
18, so that the load reaction lever 60 1s pivoted relative to the
pivot member 28 to 1ts switching position, as shown 1n FIG.
4B and FIG. 6, 1n which the connecting pin 68 is brought into
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contact with another end portion of the elongated hole 76.
After the load reaction lever 60 has been thus pivoted relative
to the pivot member 28 to the switching position, the load
reaction lever 60 restarts being pivoted integrally with the
pivot member 28 about the axis O, of the second shaft 22. The
switching load causing the load reaction lever 60 to be rela-
tively pivoted to the switching position 1s determined univo-
cally based on a preload (imitial elastic deformation amount)
of the load adjuster spring 74. The switching load can be
adjusted by expanding and contracting the load adjuster
spring 74. The expansion and contraction of the spring 74 can
be made, for example, by advancing and reversing a spring,
receiver member (not shown) provided in the spring receiver
portion 70 or 72, by means of a threaded screw or the like.

When the load reaction lever 60 1s p1voted to the switching,
position relative to the pivot member 28, the clutch member
48 15 prvoted counterclockwise about the support pin 50 by
engagement ol the engaging portion 78 with the positioning
protrusion 80 of the load reaction lever 60 against the biasing,
torce of the tensile coil spring 64, whereby the clutch member
48 1s positioned 1n the second connecting position as indi-
cated by two-dot chain line in FI1G. 7 and in FIG. 9. The clutch
member 48 1s held 1n the second connection position with its
attitude being constant and determined based on the switch-
ing position of the load reaction lever 60, so that engagement
of the second engaging tooth 54 with the second meshing
teeth 46 1s maintained whereby the second working lever 32
and the pivot member 28 are integrally connected to each
other. In this state, therefore, when the pedal arm 26 1s further
operatively depressed, the depressing force transmitted to the
second working lever 32 via the second connecting links 42 1s
turther transmitted to the pivot member 28 via the second
meshing teeth 46 and the second engaging tooth 54, and 1s still
turther transmitted to the operating rod 18 of the brake
booster 14 via the connecting pin 68 provided in the load
reaction lever 60. In this state, the lever ratio varies according,
to the lever-ratio characteristic 2.

When the depressing force applied to the pedal arm 26 1s
reduced, the load reaction lever 60 1s pivoted to be returned to
the reference position by the biasing force of the load adjuster
spring 74, and the clutch member 48 1s pivoted to be returned
to the first connecting position by the returning pivot motion
of the load reaction lever 60 and the biasing force of the
tensile coil spring 64. When application of the depressing
force to the pedal arm 26 1s completely released, the load
reaction lever 60 and the pivot member 28 are integrally
returned by the biasing force of the operating rod 18 to be
pwvoted clockwise about the second shait 22, and the pedal
arm 26 1s returned to be pivoted counterclockwme about the
first shatt 20 whereby the pedal arm 26 1s held 1n its home
position as shown 1n FIG. 1.

When the load reaction lever 60 1s relatively pivoted from
the reference position to the switching position as a result of
excess ol the reaction force (corresponding to the depressing
force) of the operating rod 18 over the switching load, a path
of transmission of the depressing force 1s switched by the
clutch switching mechanism 56, from the first working lever
30 to the second working lever 32, whereby the selected
lever-ratio characteristic 1s switched from the lever-ratio
characteristic 1 to the lever-ratio characteristic 2. In FIG.
10A-10D, the amounts stx, stl, st2 of the pedal stroke at
which the lever-ratio characteristic 1 i1s switched to the lever-
ratio characteristic 2 are determined depending on the switch-
ing load causing the load reaction lever 60 to be displaced to
the switching position. In other words, the switching load,
1.€., the preload of the load adjuster spring 74 may be set such
that the selected lever-ratio characteristic 1s switched at the
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predetermined amounts stx, stl, st2 of the pedal stroke. Each
of FIG. 10A-10C shows an arrangement where the lever-ratio
characteristic 1 1s switched to the lever-ratio characteristic 2
upon excess ol the pedal stroke over the amount stx during an
ordinary braking operation. In the arrangement shown 1n each
of FIGS. 10A and 10B, the lever ratio 1s smaller while the
pedal stroke exceeds the amount stx, namely, while the pedal
arm 26 1s being strongly depressed. Thus, a ratio of amplifi-
cation of the braking force to the depressing force 1s reduced
whereby a change 1n the braking force becomes smaller,
thereby facilitating a fine manipulation of the braking force.
In the arrangement shown 1n FIG. 10C, the lever ratio 1s larger
while the pedal stroke exceeds the amount stx, namely, while
the pedal arm 26 1s being strongly depressed. Thus, the ratio
of amplification of the braking force to the depressing force 1s
increased thereby facilitating generation of a large braking
force.

On the other hand, FIG. 10D shows an arrangement where
the lever-ratio characteristic 1 1s switched to the lever-ratio
characteristic 2 with application of a large load (large
depressing force) that is rarely applied 1n an ordinary braking
operation. When the pedal stroke reaches the amount st2 as a
result of large (strong) depression of the pedal arm 26, for
example, 1n case of an abrupt brake or running on a downhill,
the reaction force 1s increased to the switching load, and the
selected lever-ratio characteristic 1s switched to the lever-
ratio characteristic 2, whereby the lever ratio 1s increased and
the braking force 1s further increased. Further, the amount stl
of the pedal stroke 1s an amount at which the selected lever-
ratio characteristic 1s switched to the lever-ratio characteristic
2 as aresult of increase of the reaction force to the switching
load 1n a case where a large depressing force 1s required even
in an 1nitial stage, for example, 1n the event of failure of the
brake booster 14. With selection of the lever-ratio character-
1stic 2 whose lever ratio 1s high, the rate of amplification 1s
increased whereby generation of a large braking force is
facilitated. In the arrangement of FIG. 10C, too, in a case
where a large depressing force 1s required even in an 1nitial
stage of the depressing operation, for example, 1n the event of
failure of the brake booster 14, the selected lever-ratio char-
acteristic 1s switched to the lever-ratio characteristic 2 1n a
stage earlier than the amount stx, so that the rate of amplifi-
cation 1s increased whereby a large braking force 1s gener-
ated.

In the brake pedal apparatus 10 of the present embodiment,
as describe above, 1in response to the depressing operation
cifected on the pedal arm 26, the first and second working
levers 30, 32 can be pivoted about the axis O, of the second
shaft 22 according to the respective different lever-ratio char-
acteristics, and can be connected integrally to the pivot mem-
ber 28 through the clutch member 48. One of the lever-ratio
characteristics 1, 2 1s selected depending on which one of the
first and second working levers 30, 32 i1s connected to the
pivot member 28. While the pedal arm 26 1s being moderately
depressed, namely, while the reaction force of the operating
rod 18 1s not larger than the switching load, the load reaction
lever 60 1s held 1n the reference position by the biasing force
of the load adjuster spring 74 (see FIG. §), so that the clutch
member 48 1s positioned in the first connecting position
through the clutch switching mechanism 36 (see FIG. 8)
whereby the first working lever 30 1s connected to the pivot
member 28. On the other hand, while the pedal arm 26 1s
being strongly depressed, namely, while the reaction force of
the operating rod 18 exceeds the switching load, the load
reaction lever 60 1s pivoted to the SWltchlng position against
the biasing force of the load adjuster spring 74 (see FI1G. 6), so
that the clutch member 48 1s placed 1n the second connecting
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position (see FIG. 9) whereby the second working lever 32 1s
connected to the pivot member 28. That 1s, depending upon
whether the pedal arm 26 1s depressed strongly or moderately,
namely, whether the reaction force exceeds the switching
load or not, a path of transmission of the depressing force 1s
changed by the clutch switching mechanism 56 whereby the
selected lever-ratio characteristic 1s changed. For example,
where the lever ratio of the lever-ratio characteristic 2 for the
strong depression 1s set to be higher than the lever ratio of the
lever-ratio characteristic 1 for the moderate depression, as 1n
the arrangements of FIGS. 10C and 10D, the ratio of ampli-
fication of the braking force to the depressing force during the
strong depression 1s increased whereby a large braking force
can be easily generated. On the other hand, where the lever
rat10 of the lever-ratio characteristic 2 for the strong depres-
s1on 15 set to be lower than the lever ratio of the lever-ratio
characteristic 1 for the moderate depression, as in the arrange-
ments of FIGS. 10A and 10B, the ratio of amplification of the
braking force to the depressing force during the strong
depression 1s reduced whereby a fine manipulation of the
braking force 1s facilitated.

In the present embodiment, since the pedal arm 26 func-
tioming as the operating pedal 1s supported by the pedal
bracket 16 such that the pedal arm 26 1s pivotable about a
predetermined fixed axis in the form of the axis O1 of the first
shaft 20, 1t 1s possible to restrain variation of the home posi-
tion of the pedal arm 26 and play of the pedal arm 26 which
could be caused by errors in dimensions and position of each
component of the apparatus 10, as compared with the
arrangement disclosed 1n the above-described Patent Docu-
ment 2 1 which the center of pivot motion of the operating
pedal 1s changed. This feature alleviates the required degrees
of dimensional accuracy and assembling accuracy of the
components, thereby making it possible to easily and cheaply
manufacture the brake pedal apparatus 10 having a predeter-
mined pedal quality.

Further, since the first and second working levers 30, 32 are
connected to the sub arm 38 and the pedal arm 26, respec-
tively, through the respective first and second connecting,
links 40, 42, the degree of freedom 1n setting the lever-ratio
characteristics of the respective first and second working
levers 30, 32 1s high. Thus, as compared with the arrangement
in which the lever-ratio characteristic 1s changed by merely
changing the center of the pivot motion of the operating pedal,
it 1s possible to provide a lever ratio that 1s further suitably
variable according to the depressing force applied to the
operating pedal. That 1s, by suitably designing projection
directions and lengths of the first and second working levers
30, 32 and sub arm 38 and also connected positions of oppo-
site end portions of the first and second connecting links 40,
42, each ofthe lever-ratio characteristics ol the respective first
and second working levers 30, 32, 1.e., each of the lever-ratio
characteristics 1, 2 for the moderate depression and strong
depression can be freely set within a wide range.

Further, since the first and second working levers 30, 32 are
disposed to be pivotable about the axis O, of the second shatt
22 that 1s common to the two working levers 30, 32, the brake
pedal apparatus 10 can be made compact 1n size, so that there
1s an advantage that the apparatus 10 can be easily installed on
a vehicle. Especially, in the present embodiment in which the
first and second working levers 30, 32 are arranged 1n sub-
stantially parallel with each other and extend substantially 1n
the same direction, the first and second meshing teeth 44, 46
can be provided 1n proximal end portions of the respective
first and second working levers 30, 32, and each of the first
and second working levers 30, 32 can be made compact 1n
S1Z€.
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Further, the first working lever 30 has the multiplicity of
first meshing teeth 44 arranged along the circular arc whose
center 1s at the axis O, ofthe second shatt 22, while the second
working lever 32 has the multiplicity of second meshing teeth
46 arranged along the circular arc whose center 1s at the axis
O, of the second shaft 22. When the clutch member 48 which
1s pivotably disposed on the pivot member 28 1s positioned 1n
the first connecting position by the biasing force of the tensile
coil spring 64, the first engaging tooth 52 of the clutch mem-
ber 48 1s engaged with the first meshing teeth 44, whereby the
first working lever 30 and the pivot member 28 are integrally
connected to each other. When the load reaction lever 60 1s
pivoted to the switching position, the clutch member 48 1s
pivoted to the second connecting position by engagement of
the load reaction lever 60 with the clutch member 48 against
the biasing force of the tensile coil spring 64, the second
engaging tooth 54 1s engaged with the second meshing teeth
46, so that the second working lever 32 and the pivot member
28 are integrally connected to each other whereby the lever-
ratio characteristic 1 1s switched to the lever-ratio character-
istic 2. Therefore, as compared with an arrangement in which
the clutch member 48 i1s arranged to be movable linearly
along a straight line parallel to the second axis O, so as to be
positionable 1n the first and second connecting positions, the
apparatus can be simply constructed, and the motion of the
clutch member 48 1s stabilized, so that the lever-ratio charac-
teristic 1s reliably switched to another layer-ratio character-
1stic, upon application of a predetermined depressing force to
the operating pedal.

Further, the load adjuster spring 74 1s used as the first biaser
which positions the load reaction lever 60 1n the reference
position and which allows the load reaction lever 60 to be
relatively pivoted to the switching position when the reaction
force exceeds the predetermined switching load. The load
adjuster spring 74 1s arranged to directly bias the load reaction
lever 60 such that the load reaction lever 60 1s pivoted about
the axis of the third shait 66 toward the reference position
relative to the pivot member 28. In this arrangement, the load
reaction lever 60 1s moved to the switching position appro-
priately based on the switching load that 1s determined univo-
cally depending on the biasing force of the load adjuster
spring 74, so that the selected lever-ratio characteristic can be
reliably switched from the lever-ratio characteristic 1 to the
lever-ratio characteristic 2 with high accuracy. In the above-
described Patent Document 2 1n which the positioning device
1s provided to position the switching lever 1n the reference
position by engagement of a ball with a V-shaped groove, the
switching lever 1s held in the reference position owing to
friction force acting between the ball and a wall of the
V-shaped groove. In this arrangement of the Patent Document
2, the switching load (allowing pivot movement of the switch-
ing lever by removal of the ball from the V-shaped groove) 1s
casily changed, for example, by wear of the wall of the
V-shaped groove, so that the switching load 1s difficult to be
set reliably with high accuracy. On the other hand, in the
present embodiment, the load adjuster spring 74 1s engaged
directly with the pivot member 28 and the load reaction lever
60, with its attitude being substantially parallel to a line
tangential to a circular arc whose center 1s at the third shaft 66
so that a biasing force of the load adjuster spring 74 acts
directly 1n a direction causing the load reaction lever 60 to be
pwvoted to the reference position. Thus, the switching load
causing the load reaction lever 60 to be moved from the
reference position to the switching position can be set by the
preload of the load adjuster spring 74 with high accuracy.

In the above-described embodiment, the first and second
working levers 30, 32 are pulled downward through the
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respective first and second connecting links 40, 42 inresponse
to the depressing operation eflected on the pedal arm 26, and
are pivoted counterclockwise about the axis O, of the second
shaft 22. However, this arrangement can be modified such
that the first and second working levers 30, 32 are to be
pressed so as to be pivoted. For example, a brake pedal appa-
ratus 90 of FIG. 11 1s identical with the above-described brake
pedal apparatus 10 with respect to arrangement for the con-
nection of the second working lever 32 with the second con-
necting links 42. However, a first working lever 92 1s disposed
to be directed more forward than the above-described first
working lever 30, and 1s connected to the sub arm 38 via the
first connecting links 40 1n a position below the sub arm 38. In
this modified arrangement, 1n response to the depressing
operation effected on the pedal arm 26, the first working lever
92 1s pressed downward through the first connecting links 40,
and 1s pivoted counterclockwise about the axis O, of the
second shaft 22. It 1s noted that the first meshing teeth 44 that
are to be engaged with the first engaging tooth 52 of the clutch
member 48 are provided 1n a portion of the first working lever
92 (ranging from an upper left side to an upper side of the
second shaft 22 as seen in FIG. 11) that corresponds to a
portion of the first working lever 30 1n which the first meshing,
teeth 44 are provided.

The embodiments of the present mmvention have been
described 1n detail with reference to the drawings. However,
the described embodiments are merely embodied forms, and
the present invention can be embodied with various modifi-
cations and improvements on the basis of knowledge of those
skilled 1n the art.

The mvention claimed 1s:

1. A brake pedal apparatus for a vehicle, comprising:

an operating pedal supported by a support member pivot-
ably about a first axis, to be depressed by an operator of
the vehicle;

a prvot member supported by the support member pivot-
ably about a second axis parallel to the first axis,
mechanically connected to the operating pedal and p1v-
otable about the second axis when the operating pedal 1s
depressed to be pivoted about the first axis;

an output member for receiving an output generated upon
pivotal motion of the pivot member;

first and second working levers supported by the support
member pivotably about the second axis relative to the
p1vot member;

first and second connecting devices mechanically connect-
ing the respective first and second working levers to the
operating pedal, and causing the respective first and
second working levers to be pivoted according to respec-
tive different lever-ratio characteristics when the oper-
ating pedal 1s depressed to be pivoted;

a clutch member supported by the pivot member, and posi-
tionable 1n any one of a first connecting position, a
second connecting position and an intermediate position
between the first and second connecting positions, the

clutch member connecting the first working lever to the

pivot member and disconnecting the second working
lever from the prvot member while positioned in the first
connecting position, the clutch member connecting the
second working lever to the pivot member and discon-
necting the first working lever from the pivot member
while positioned 1n the second connecting position, the
clutch member connecting both of the first and second
working levers to the pivot member being positioned in
the intermediate connecting position;

a load reaction lever connected to the output member, and
supported by the pivot member pivotably relative to the
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pivot member about a third axis that 1s parallel to the
second axis, the load reaction lever held 1n a reference
position by a biasing force of a first biaser and pivoted
together with the pivot member so as to generate the
output recerved by the output member, the load reaction
lever being pivotable to a switching position against the
biasing force of the first biaser when a reaction force of
the output member exceeds a predetermined switching
load, and the load reaction lever positioned in the switch-
ing position being pivotable together with the pivot
member so as to generate the output; and

a clutch switching mechanism which positions the clutch

member 1n the first connecting position while the load
reaction lever 1s held 1n the reference position, and which
cooperates with the load reaction lever to move and
position the clutch member in the second connecting
position when the load reaction lever 1s pivoted to the
switching position.

2. The brake pedal apparatus according to claim 1, wherein
the output member receives one of a pressing force and a
tensile force as the output 1s generated upon the pivot motion
ol the pivot member.

3. The brake pedal apparatus according to claim 1,

wherein the first and second working levers are disposed on

respective opposite sides of the pivot member 1n a direc-
tion parallel to the second axis, the first working lever
having a multiplicity of first meshing teeth arranged
along a circular arc whose center 1s at the second axis,
the second working lever having a multiplicity of second
meshing teeth arranged along a circular arc whose center
1s at the second axis,

wherein the clutch member 1s pivotably supported by the

pivot member and has a first engaging tooth engageable
with the first meshing teeth, and a second engaging tooth
engageable with the second meshing teeth,
wherein the clutch switching mechanism has a second
biaser disposed to bridge between the clutch member
and one of the load reaction lever and the pivot member,

wherein the clutch switching mechanism causes the clutch
member to be positioned 1n the first connecting position
by a biasing force of the second biaser, and causes the
first engaging tooth to be engaged with one of the first
meshing teeth while the load reaction lever 1s held 1n the
reference position,

and wherein the clutch switching mechanism causes the

clutch member to be pivoted to the second connecting
position by engagement of the load reaction lever with
the clutch member against the biasing force of the sec-
ond biaser, and causes the second engaging tooth to be
engaged with one of the second meshing teeth when the
load reaction lever 1s pivoted to the switching position.

4. The brake pedal apparatus according to claim 1,

wherein the first connecting device includes a first connect-
ing link which 1s pivotably connected to both of the first
working lever and the operating pedal,

and wherein the second connecting device includes a sec-
ond connecting link pivotably connected to both of the
second working lever and the operating pedal.

5. The brake pedal apparatus according to claim 4,

wherein the first connecting link has a working-lever side
portion at which the first connecting link 1s connected to
the first working lever, and a pedal side portion at which
the first connecting link 1s connected to the operating
pedal,

wherein the second connecting link has a working-lever
side portion at which the second connecting link 1s con-
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nected to the second working lever, and a pedal side 6. The brake pedal apparatus according to claim 1, wherein
portion at which the second connecting link 1s connected the first biaser includes a spring member disposed to bridge
to the operating pedal, between the pivot member and the load reaction lever, and
wherein a distance between the working-lever side portion which directly biases the load reaction lever such that the load

of the first connecting link and the second axis 1s differ- 5

ent from a distance between the working-lever side por- _ _ _
tion of the second connecting link and the second axis, 7. The brake pedal apparatus according to claim 1, wherein

and wherein a distance between the pedal side portion of the first and second working levers pivot relative to each other

the first connecting link and the first axis 1s different when the operating pedal 1s depressed to be pivoted.

from a distance between the pedal side portion of the 10
second connecting link and the first axis. £ % % k%

reaction lever 1s pivoted toward the reference position.
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